Introduction
The high concentration of inositol in the epididymal lumen (Hinton, White & Setchell, 1980) arises from concentration of inositol in testicular fluid by water résorption (Setchell & Hinton, 1981) , entry from the blood-stream (Hinton & Howards, 1982) and secretion from an epithelial pool (Cooper, 1982) . The extent of rajO-inositol synthesis from glucose by the epididymis is debated (Eisenberg & Bolden, 1964; Robinson & Fritz, 1979; Maeda & Eisenberg, 1980; Hasegawa & Eisenberg, 1981) and although the potential exists, the contribution from luminal spermatozoa is not established (Roberts, Scouten & Nyquist, 1976; Loewus, Wright, Bondioli, Bedgak & Karl, 1983) . Investigation of the relative importance of these possible sources would be facilitated by study of glucose uptake and conversion to inositol in vitro.
Luminal perfusion of a sperm-free epididymis has certain advantages over micropuncture in the study of epididymal function because spermatozoa, which may contribute to secretion, are removed and control of luminal fluid composition, which may affect transport across the epithelium, is permitted Yeung, Cooper & Waites, 1980) . Transport studies would be further advanced if altering the composition of fluid bathing the tubules were possible, but this cannot easily be achieved in vivo. In-vitro experiments have shown that luminal perfusion have indicated that ions and amino acids enter the proximal and distal epididymal lumen of boars and rats under both stop-flow and continuous perfusion (Dacheux, 1980; Wong, Au & Ngai, 1980) , but the extent to which entry of macromolecules reflected leakage of tubules damaged during dissection was not evaluated.
The present experiments were aimed at developing an in-vitro preparation which could be used to study both intra-and extra-tubular influences on the secretion of inositol and in particular to determine whether extratubular glucose is a precursor of secreted inositol.
Materials and Methods
Animals and procedure. Wistar-strain through manually in 1-2 min and aliquants of the last flush-out fluid were collected. About 45-60 min after removal from the animal the sperm-free cannulated tubule was transferred to a 20-ml water-jacketed organ bath (Harvard Aparatus Ltd, Edenbridge TN6 6HE, U.K.) maintained at 33 ± i°C and containing fluid continuously bubbled with air drawn through a Millipore filter (0-45 pm pore diameter). Continuous perfusion through the lumen was maintained at a nominal rate of 1 µ /min (Harvard Infusion pump, Model 975A, South Natick, MA, U.S.A.); at this rate the times needed for complete flow through the entire corpus and cauda tubules were about 6 and 25 min respectively. The outflowing perfusate was collected every 30 min into preweighed vials to ascertain exact perfusion rates. At the end of the experiment the tubules were fixed by luminal injection of 1-5% aqueous glutaraldehyde containing 0-1% amido black 10B in 7% acetic acid (v/w/v), unravelled and their lengths were measured.
Solutions. All chemicals were from the Sigma Chemical Company (Poole BH17 7NH, U.K.) unless otherwise stated. The bath fluid consisted of 127 mM-NaCl, 2-7 mM-KCl, 8-1 mM-Na2HP04, 1-5 mM-KH2P04, 0-1 mM-Na4EDTA, 0-5 mM-MgS04, 0-8 mM-CaCl2, 5 mM-D-glucose, 10 mMsodium DL-lactate, 5 mM-sodium pyruvate, 50 µ -myo-inositol, 30 µ -L-carnitine (a gift from Sigma Tau, Industrie Farmaceutiche Riunite SPA, 0014 Rome, Italy), 1 mg bovine serum albumin/ml, 50 ng testosterone/ml (final ethanol concentration 0005% v/v) with 50 i.u. K+ penicillin/ml and 50 i.u. streptomycin sulphate/ml; the osmolarity was 305 mosmol/kg water and the pH was 7-4. Intraluminal fluid for the cauda contained 13 mM-NaCl, 50 mM-KCl, 2-6 mM-CaCl2, 1-1 mMMgS04, 18 mM-N-morpholinopropanesulphonic acid and was adjusted to pH 6-9 with 7 mMNaOH. To raise the osmolarity to 340 mosmol/kg water, 77 mM-choline chloride was included. The solution used for the corpus was similar but concentrations were adjusted to 51 mM-NaCl, 37 mMKCl and 80 mM-choline chloride. Composition of the bathing medium was altered by omitting or reducing glucose to 0-5 mM or increasing /wyo-inositol to 10 mM with isosmotic changes in the amount of NaCl. [20] [21] [22] [23] [24] [25] µ were injected and fractions were collected with an LKB Ultrorac 2070 at 0-3-min intervals at the outflow of the refractive index monitor. From each fraction, 0-5 ml with 0-5 ml water, or 0-15 ml, was added to 5 ml or 2 ml scintillant respectively for estimation of tritium.
Gas-liquid chromatography (g.l.c). Samples were deproteinized with two volumes of ethanol containing 20 or 100 nmol internal standard (methyl-4,6-0-benzylidine a-D-glucopyranoside, MBG) and supernatants were taken to dryness in vacuo over P2Os. After addition of 25-50 µ silylating reagent (trimethylsilylimidazole (Janssen Chimica, B-2340 [3 H]Inositoi In medium of composition similar to that of blood plasma and containing 50 µ -inositol and 5 mM-glucose, radioactivity entered the caudal lumen (length 17-0 ± 4-3 cm) to reach levels at the end of 3 h (28-5% those of the bath fluid) that were significantly greater than those obtained after 1 h ( 16-4% ; < 001 ), a gradual increase of 2-4-4-0% of bath fluid values per 30-min period (see ). In contrast, radioactivity in the corpus lumen (9-0 ± 3-0 cm long) reached a plateau over the same period (17-7-22-8% of bath fluid values, mean 20-6%) but was not significantly different from entry into the cauda at any time. When results were expressed per unit length, entry into the corpus only significantly exceeded that into the cauda up to 1-5 h ( < 0-05).
When the concentration of inositol in the bath was raised to 10 mM there was a 60-70% reduction in movement of tracer to the lumen in both the cauda and corpus epididymidis, and between 1 and 2-5 h activity reached a plateau 6-7-7-8% bath (mean 7-4%) in the cauda which was not different from that (7-3-8-6%, mean 7-7%) in the corpus (Text- fig. 2 fig. 2b ).
[sH]Glucose. Entry of radioactivity to the caudal lumen (16-6 ± 3-9 cm long) from solutions containing 5 mM-glucose reached a plateau at 17-3-19-7% (mean 18-9% of bath fluid values). Lowering the glucose concentration to 0-5 mM increased entry, and when no glucose additional to the tracer was added to the bath fluid, significantly greater amounts of radioactivity reached the lumen by 2-3 h ( < 0001). Entry into the corpus epididymidis (6-3 ± 2-8 cm long) was similar (mean 19-4%) to that in the cauda; but there was no consistent trend in transport when glucose concentrations were varied (Text- fig. 3 ). When glucose was present in the cauda epididymal lumen (25 mM) movement of tracer to the lumen was consistently increased (Text- fig. 3 ) and significantly so at 0-5 and 1 h ( < 005), reaching a value obtained in glucose-free media. [3H]Inositol in bath. The majority of radioactivity in the bath at the end of the 3-h perfusion migrated with wyo-inositol and accounted for 92% of the total radioactivity. Only one peak of activity comigrating with authentic inositol appeared in the perfusates from the corpus and cauda, accounting for 91% of the total activity in the cauda and 84% in the corpus from pooled perfusates, and 79% in the cauda in one experiment in which all the perfusate was collected for metabolite analysis.
HyGlucose in bath. One major peak of radioactivity which migrated with [2-3H]glucose was present in the bath and comprised 81% of the total bath activity. By contrast, two major peaks of radioactivity were present in the perfusates from both corpus and cauda. Of these, the major peak comigrated with glucose (44 and 55% total luminal activity in cauda (2 exps) and 59% in corpus).
The smaller peak eluted at 9 min 18 sec-10 min 12 sec (later than water and myo-inositol) and comprised 12 or 23% total activity in the caudal lumen and 13% in the corpus. The metabolite was not identified.
Transport of inositol from the bath into the lumen of the epididymis
Although the movement of tracer to the lumen was reduced when inositol concentrations in the bathing fluid were raised 200-fold (Text- fig. 2 ), the net flux of inositol to the lumen was increased, but by a smaller margin: 57-fold in the cauda and 87-fold in the corpus (Table 1 ). Total secretion rates were not significantly different in the corpus and cauda and were not directly related to length of the tubule. Secretion per unit length in the corpus epididymidis significantly exceeded that by the cauda in the presence of 10 mM-inositol (P < 0-002). Omitting glucose from the bathing fluid or adding inositol to the fluid perfusing the lumen did not significantly alter the total amount of inositol transported in 3 h (Table 1) . Transport of glucose from the bath to the lumen of the epididymis When glucose concentrations in the bath were increased 11000 times from tracer levels to 500 µ , the flux into the lumen increased by a similar amount : 9700-fold in the cauda and 8900-fold in the corpus. Raising the concentration a further 10-fold also increased transport to the lumen 10-fold in the cauda and 12-fold in the corpus (Table 2) . Raising glucose concentrations in the lumen did 12) was only 1-3% ofthat in the bath and secretion rates, 11-55 ± 3-79 nmol/3 h or 0-81 ± 0-31 nmol/3 h/cm, were about 7% of those estimated to be transported from the bath (Table 2) . (Reid & Cleland, 1957) . Leakage to the extent observed may severely compromise estimates of water résorption made in vitro using inulin as a volume marker (Wong et ai, 1980 ; Cooper, Yeung & Wu, 1985) . An alternative explanation for the increased entry of [3H]inulin into unravelled tubules, that unravelling the tubules exposes them more to the bathing fluid, is not supported by three lines of evidence. Firstly, the mid-corpus region is only two tubules thick, so at least one side of each coil would be exposed to the medium. Secondly, the entry of tracer should be less rapid than in unravelled tubules and should continue until it reaches the plateau expected in the more accessible tissue and neither finding is supported by the data. Thirdly, access of tracer to the base of the epithelium is not limited because inositol and glucose entered the lumen to greater extents, and the extent and rate of movement of the former were similar to those obtained from an in-vivo preparation (Cooper, 1982) in which the excellent microvasculature of the epididymis (Kormano, 1968; Suzuki, 1982) is preserved.
The slowly rising activity of [3H]inositol in the cauda lumen during perfusion suggests slow equilibration of tracer with a large pool of inositol as concluded from in-vivo experiments (Cooper, 1982) . For the first time, data are presented for the corpus epididymidis in which luminal radioactivity from bath [3H]inositol reached a plateau. Since the failure to reach a plateau in the cauda cannot be explained by its longer time for turnover of the luminal volume (25 min) compared to the corpus (6 min), and assuming equal densities of pumps in the 2 regions, the data suggest that tissue pools of inositol were less in the corpus than in the cauda, as are concentrations in the lumen (Hinton et ai, 1980 (Hinton & Howards, 1982) . Transport of [3H]inositol in the cauda was not altered when glucose was removed from the bath, so carriers are likely to be specific for inositol and energy for the pump is not derived solely from extratubular glucose.
The extent of transfer in [3H] inositol could provide at most a luminal concentration of 12-5 µ , and although specific activity measurements were not made on individual samples, an estimate calculated from the relative concentrations of labelled and unlabelled inositol in the caudal lumen and bath at the end of perfusion is that luminal activity is 4% of that in the bath, close to that measured in vivo (3%: Cooper, 1982) . The rate of inositol transport from the bath was indeed insufficient to account for the total secreted inositol measured by g.l.c, confirming the presence of large amounts of unlabelled inositol in the tissue. The in-vitro preparation can be used to locate the source of this inositol. The continued secretion of inositol when no glucose or inositol were provided in the bathing medium confirms the insignificant contribution of extratubular inositol, as inferred above, and rules out bath glucose as an immediate precursor. However, it is not possible to decide whether epithelial inositol arises from endogenous pools or by synthesis. In the absence of synthesis it can be calculated from histological measurements (Reid & Cleland, 1957 ) that an epithelial cell concentration of 17 mM would have to be depleted over 3 h to sustain the secretion rate observed during that time. The highest concentration, if diffusion were to account for movement from cell to lumen, would be that found in the lumen in vivo (30-50 mM: Hinton et ai, 1980; Cooper, 1982) .
Neither of these concentrations are likely to support the constant secretion observed in this study, and this argues for the biosynthesis of secreted inositol or intracellular concentrations in excess of
The presence of metabolites of glucose in the lumen, but not bath, indicated tht the tissue supported metabolism, but in the present study no conversion to inositol was demonstrated. In other studies there was also no synthesis of inositol from glucose (Eisenberg & Bolden, 1964) Robinson & Fritz (1979) exceeds the activity of phosphoglucose isomerase 12-fold (Brooks, 1976a) , using the epididymal protein content given by Brooks (1976b) , so loss of tritium from the Ci-position of glucose 6-phosphate during glycolysis (Hammerstedt, 1975) should be minimal, although the conflicting reports on the activity of the relevant enzymes in rat epididymal tissue (Robinson & Fritz, 1979; Maeda & Eisenberg, 1980; Hasegawa & Eisenberg, 1981) need clarification and bear directly on the results of this study. The observations may also relate to the presence of endogenous pools of metabolites which were not equilibrated during the experiments, although work on tissue slices indicates that intracellular glucose is very low in glucose-containing medium (Brooks, 1979) . Alternatively, the immediate precursor, glucose 6-phosphate (Eisenberg, 1967) , may be in high concentration or compartment¬ alized. This precursor may also arise from epididymal glycogen, which can spare the utilization of glucose in tissue slices and provide lactate in the absence of glucose (Brooks, 1978) . In support of this, the total activity of phosphorylase exceeds that of hexokinase (Brooks, 1976a) , and intracellular glycogen is lost after castration (Cavazos, 1958) when inositol secretion is reduced (Pholpramool, White & Setchell, 1982) . On the other hand, the conversion of inositol to phosphatidylinositol by caudal tissue and epithelium from the vas deferens in vitro (Voglmayr, 1974) reveals phospholipid as a possible alternative store of inositol.
Data on glucose movement across the epithelium were also obtained from these experiments. The absolute concentration of glucose in the lumen was much lower than that found in vivo (Cooper & Waites, 1979; Cooper, 1982) when blood levels were higher than the bath levels in the present studies. The bath was shown to be the sole source of luminal glucose and transport into the lumen was linearly related to concentration in the bath suggesting a diffusion process. Taking into consideration leakage and metabolism, the specific movement of labelled glucose to the lumen was about 9% that of the bath amount, a little above the value obtained in vivo (1-7%) for which the similar entry to the lumen of radioactivity arising from [14C]glucose and the non-metabolizable [3H]3-0-methylglucose suggested little metabolism of glucose in the epididymis of a different strain of rats (Cooper & Waites, 1979) . The discrepancy between rates of secretion and transport of glucose in the present study may reflect inadequate separation of secreted metabolites from glucose.
The greater entry of tracer to the lumen of the cauda when glucose concentrations in the bath were reduced provides further evidence for the presence of carriers for facilitated diffusion in the basal membrane deduced from work on tissue slices (Brooks, 1978 (Brooks, , 1979 and the reduced movement of circulating [3H]-3-0-methylglucose to caput epididymal fluid when blood glucose was raised (Hinton & Howards, 1982) . Equally, the increased luminal movement of tracer, when the normal concentration gradient of glucose across the epithelium was reversed, can be explained by exchange-diffusion, whereby flux by mobile carriers in the apical membrane is increased by movement of sugar from the lumen into the cell. Glucose, unlike inositol, is removed when perfused through the lumen in vivo (Cooper, 1982) .
The results suggest that carriers facilitate the diffusion of glucose from the bath fluid to the epididymal lumen across both cell membranes of epididymal epithelial cells, whereas inositol is pumped against a concentration gradient into the cell and secretion into the lumen is augmented by synthesis or release from an unidentified source.
